The increase in flower cultivation in recent years has been reflecting the higher incidence of soil pathogens that can cause serious problems. This study aimed to evaluate the biological control of Fusarium wilt in gerbera with Trichoderma asperellum. The evaluated treatments were: T1) Control, only sterile substrate; T2) Substrate + Fusarium oxysporum; T3) Substrate + Fusarium oxysporum + Trichoderma asperellum; and T4) Substrate + Trichoderma asperellum. For this, the pathogen was isolated from gerbera with disease symptoms and, subsequently, it was identified according to morphological characters. Furthermore, the degree of antagonism of T. asperellum against F. oxysporum was evaluated through the culture pairing test. For greenhouse evaluations, commercial autoclaved substrate was used and infested with corn grains infected by the pathogen. Morphological identification confirmed the pathogen species as Fusarium oxysporum. In the culture pairing test, it was found that T. asperellum did not present a high degree of antagonism. The plants cultivated on substrate infested by the pathogen had no visible symptoms of wilt, but the substrate infestation with the pathogen provided lower values of fresh and dry mass of shoots and roots. The treatment with T. asperellum obtained higher values of fresh and dry mass of both shoots and roots, and also more vigorous inflorescences in relation to the plants treated with the pathogen. Keywords: floriculture, soil pathogen, antagonism, management.
INTRODUCTION
There is an increased search for new techniques that will improve both the quality and the production of flowers, making floriculture a profitable activity (ARIEIRA et al., 2008) . In this sense, gerberas (Gerbera jamesonii Bollus ex Hooker F.) are flowers that can be grown in pots as well as in gardens, flowerbeds and greenhouses, as they have good climatic adaptation and they can be grown in different regions. They exhibit good durability, resistance to transport and are highly appreciated by customers for their intense, vibrant and diverse colors (GUERRERO et al., 2012) .
Because it is a flower with good acceptance in the market, it is necessary to have a high and continuous production. However, tied to this arises the pressure of diseases and pests which, that if not properly controlled, will affect productivity and quality, and it negatively affects the farmers. Freire et al. (2009) verified the existence of several soil pathogens associated with ornamental plants, V. 23, N o . 3, 2017, p. [234] [235] [236] [237] [238] [239] and suggested that due to the low technological knowledge of some producers, it is difficult to apply acceptable control techniques.
The soilborne pathogens are responsible for severe plant problems, with a wide geographic distribution and infect several botanical hosts (FREIRE et al., 2009) . Among the soilborne pathogens that attack gerberas, many of them are fungal in nature. According to Ferronato et al. (2008) , eight causal agents of fungal diseases and one of bacterial nature were found in fifteen evaluated properties of gerbera.
Among these pathogens, Fusarium oxysporum Schlecht, etiological agent of wilts, is a fungus that develops in conditions of high humidity and temperatures between 25 to 32°C, being widely distributed in soils and also in organic substrates (DI PIETRO et al. 2003) . The control of F. oxysporum can be done by soil and substrate solarization (BETTIOL et al., 1994) , plant extracts (SARTORI et al., 2011) , fishery residues (PINTO et al., 2010) , and biological control with Trichoderma spp. and Clonostachys spp. (MORAGA-SUAZO, 2011) .
Considering the absence of fungicides registered for the control of Fusarium wilt in gerbera and the difficulty of its management, the objective of this work was to verify if the biological control with Trichoderma asperellum Samuels, Lieckf. & Nirenberg 1999, has efficiency in disease control.
MATERIAL AND METHODS
Gerbera plants exhibiting symptoms of wilt were collected at the flowering stage from a producing property located in the municipality of Erechim, Rio Grande do Sul State (RS), and taken to the Laboratory of Entomology and Plant Pathology of Federal University of Fronteira Sul. Plants with symptoms of vascular wilt were examined in a stereoscopic microscope and the samples of symptomatic tissue were removed. These were placed in a humid chamber and incubated for 25 ± 2 °C and photoperiod of 12 hours for three days, and subsequent fungus isolation.
After the pathogen growth on the infected tissue, an aliquot of mycelium and conidia of Fusarium oxysporum was removed from the plant material with the aid of a metal needle and placed in Potato-Dextrose-Agar medium (PDA, Himedia™), supplemented with 200 mg L -1 of streptomycin sulphate, and incubated for 25 ± 2 °C and photoperiod of 12 hours. After seven days of incubation, colonies with similar characteristics to F. oxysporum were transferred to Petri dishes containing Agar-water medium (AW), to obtain a monosporic culture (25) and subsequent cultivation in PDA medium (for color observation and colony measurement) and Carnation Leaf Agar medium (CLA) for better characterization of fungal structures. The material was incubated at 25 ± 2 °C and photoperiod of 12 hours, during 10-14 days, when the microstructures of the fungus were observed in a stereoscopic and optical microscope, and the species was identified according to classification keys proposed by Gerlach and Nirenberg (1982) , Nelson et al. (1983) and Leslie and Summerell (2006) .
In order to evaluate the in vitro antagonism of Trichoderma asperellum against F. oxysporum, the culture pairing test was performed (DENNIS and WEBSTER, 1971) . For this, a disc of culture medium containing mycelium and conidia of F. oxysporum was transferred to Petri dishes containing PDA medium. The plates were incubated for 72 hours at 25 ± 2 °C and photoperiod of 12 hours. After, a disc of culture medium containing mycelium and conidia of Trichoderma asperellum, obtained from the plating of 0.5 mL of commercial product in PDA medium, was transferred to the opposite position of the disc with F. oxysporum microstructures.
The plates were incubated at 25 ± 2 °C and photoperiod of 12 hours, and after seven days, the diameter of colonies of the pathogen were measured with the aid of a digital caliper and the antagonism degree was evaluated, which was grouped into classes (BELL et al., 1982) , with scores from 1 to 5. The classification of the antagonism class was again performed at 13 days after the insertion of the Trichoderma asperellum isolate. The experiment was carried out in a completely randomized experimental design with five replications.
The in vivo test was conducted in a greenhouse with automated temperature control (25 ± 3 °C) and irrigation (3 times per day, 10:00 a.m., 2:00 p.m. and 5:00 p.m.). The experimental design was completely randomized with four treatments and 12 replicates. The evaluated treatments were: T1) Control, only sterile substrate; T2) substrate + Fusarium oxysporum; T3) substrate + Fusarium oxysporum + Trichoderma asperellum; and T4) substrate + Trichoderma asperellum. The cultivar used was Pre-intense (Ball Horticultural, Brazil).
For substrate infestation, F. oxysporum isolates were grown in corn kernels, previously autoclaved for 40 minutes. Then, four discs of approximately 5 mm in diameter, containing mycelium and conidia of the fungus were added in erlenmeyers flasks containing corn kernels. The flasks were incubated at 25 ± 2 °C, with photoperiod of 12 hours until use (KLINGELFUSS et al., 2007) . Prior to transplanting the seedlings, the substrate was sterilized twice at 120 °C and 1 atm for 1 hour, with a 24 hour interval. Plastic pots with 3 L capacity were filled with sterilized substrate, moistened with water, and revolved in order to obtain a good homogeneity in the moisture of the substrate.
For substrate infestation, corn grains colonized by Fusarium oxysporum were distributed in each replicate of the pathogen treatments, except in control, which received only corn grains not colonized by the pathogen, and in the treatment that only received Trichoderma asperellum. The pots were packed in plastic bags for a period of five days in order to form a moist chamber and provide a better colonization of the substrate by the pathogen.
After the incubation period, 5 mL of Trichoderma asperellum solution was applied per pot, in experimental units corresponding to these treatments. The dosage applied has been established according to the recommendation of the manufacturer of the product. Subsequently, the substrate was homogenized, and the plastic bags were placed again in order to ensure a moist chamber condition, for another five days, until the moment of seedling transplant.
During the experiment, at 30, 60 and 90 days after transplanting, the incidence of vascular wilt symptoms was evaluated. At the end of the experiment (90 days), the number of flower stems; the fresh and dry mass of shoots and roots, in which the plants were cut at the height of the collar, weighed, and placed in an oven at 60 °C until reaching constant weight; the number of leaves per plant; and the diameter of the stem, were also evaluated.
The data was analyzed using analysis of variance by means of the F test (p ≤ 0.05) and when significant, averages were compared by the Tukey test (p ≤ 0.05). The analyzes were performed using the SISVAR statistical software v. 4.0 (FERREIRA, 2000) .
RESULTS AND DISCUSSION
It was possible to identify the isolate used in this study as Fusarium oxysporum, an etiological agent of wilt in gerbera, chrysanthemum (FERRONATO et al., 2008) , and heliconia (CASTRO et al., 2008) . In the culture pairing test, Trichoderma asperellum did not exercise total antagonism on Fusarium oxysporum, obtaining note 3 according to the classes of antagonism (BELL et al., 1982) . Moraes and Carvalho (2015) also did not observed an antagonistic action of Trichoderma spp. in the control of Sclerotinia sclerotiorum in soybean.
In order to evaluate the antagonistic action of Trichoderma in the control of Fusarium solani, it was observed that 21.74% of the Trichoderma isolates inhibited the growth of the pathogen and 52% had no inhibitory effect against Fusarium in the culture pairing test (LOUZADA et al., 2009) .
In greenhouse evaluations, no visible wilt symptoms were observed in the plants. However, it was found that the inflorescences in the treatment with F. oxysporum presented shrinking in the petals in relation to the others treatments (Figure 1) . Teixeira (2004) reported that this pathogen in chrysanthemum can cause wilt, and in some cases, infected plants may show reduced growth, in addition to the appearance of brown color in the basal part of the plant.
The number of flower stems, leaves and stem diameter did not differ between the treatments (Table 1) . However, fresh and dry mass of both shoots and roots showed differences between treatments. Concerning the fresh mass of shoot and roots, treatments with T. asperellum on substrate infestation presented higher fresh matter when compared to treatment with F. oxysporum and control, which could be justified by fungi of the genus Trichoderma, as well as excellent agents of biological control, also act as promoters of plant growth (SILVA et al., 2007; MILANESI et al., 2013; ZACHOW et al., 2016) . Some Trichoderma species are able to increase the root system surface and improve nutrient availability, and in conjunction with it, increase plant growth, crop production and resistance to some diseases, enhancing the plants ability to resist abiotic stresses (HARMAN et al., 2004; LUCON, 2009; LIU et al., 2016) . For the use of beneficial microorganisms, such as Trichoderma spp., to be effective, it is necessary to know the biological interaction capacity of these agents, since they exert multiple effects on the colonized plant, including the action of secondary metabolites produced by Trichoderma species (VINALE et al., 2008) .
Variables -------------------Treatments-------------------
According to Woo et al. (2006) , the presence of root pathogens can stimulate plant defense mechanisms which, associated with Trichoderma spp., induce resistance. In addition, the levels of fungal incidence in maize may be related to soil conditions, characteristics of cultivated varieties, temperature and humidity (DÍAZ et al., 2012) . A Trichoderma harzianum isolate obtained from soybean showed significant antagonism and potential of control for root rot of soybean caused by Fusarium oxysporum (ZHANG et al., 2017) .
From the control of Fusarium wilt in tomato with isolate from Trichoderma asperellum, researchers have observed that this antagonist has the potential to reduce the severity of the disease, as well as promote plant growth and increase nutrient uptake (LI et al., 2017) . Likewise, You et al. (2016) demonstrated that Trichoderma spp. has the ability to induce systemic resistance against Botrytis cinerea infection in tomato. Toghueo et al. (2016) concluded that Trichoderma atroviridae act as suppressor in the growth of Fusarium solani and stimulate the bean growth.
The use of biological control of soilborne pathogens in floriculture has the potential to be widely diffused, as it is a method that presents lower cost and does not cause contamination to the environment (LECOMTE et al., 2016) . In this sense, the use of fungi of the genus Trichoderma has been increasing in the last years, mainly for the ability of these antagonists to control a range of phytopathogenic fungi in diverse cultures. However, some species of Trichoderma have a more marked antagonism than others to carry out the control of pathogens (POMELLA and RIBEIRO, 2009) .
According to Li et al. (2015) , fungi of the genus Trichoderma have the potential to become the next generation of biological pesticides, due to their greater safety, and the fact that they are biodegradable. Therefore, the use of Trichoderma spp. in protecting and improving plant growth is an important practice for achieving sustainable agriculture, whereas the pesticides, when used as the only form of disease management, are not economical at long term due to their cost, and cause pollution to the environment.
CONCLUSIONS
Trichoderma asperellum in the culture pairing test did not exert a strong degree of antagonism to Fusarium oxysporum. Even without the observation of visible symptoms of Fusarium wilt in gerbera, under the conditions of this study, the application of Trichoderma asperellum in the substrate is feasible, as it increases the fresh matter of the plants and improves the visual appearance of the inflorescences.
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